Abstract. In the construction of nuclear power plants using massive walls, the use of high-strength re-bars for shear design is necessary, to enhance the constructability and economy. In this study, low-rise walls (aspect ratio of 1.0) with Grade 550 MPa re-bars were tested, to investigate the shear capacity under cyclic loading. The test parameters were the grade of horizontal reinforcement, concrete strength, shapes of crosssection. The failure mode of the walls with 550 MPa bars was diagonal shear cracking, followed by webcrushing, which was the same as that of the wall with 420 MPa bars. The ratio of the peak shear strength to the prediction of ACI 349 was 1.33~1.80 for the shear provision, and 1.27~1.69 for the seismic provision, respectively. The test result indicates that Grade 550 MPa re-bars can be applicable to low-rise RC walls.
Introduction
Generally in nuclear power plant walls, because of the high safety requirement, the shear reinforcement ratio is close to the permissible maximum shear reinforcement ratio specified by current design codes. According to Chapter 11 of ACI 318-11 [1] and ACI 349-06 [2] , the maximum shear strength of flexural members (i.e. the sum of the contributions of concrete and shear reinforcement) is specified to control shear crack widths, and to prevent early diagonal concrete crushing. Currently, the average ultimate shear stress in a cross-section is limited to 5/6 ' c f for flexural members including walls. When high strength bars are considered for shear reinforcement, the validity of the maximum shear strength limitation needs to be verified. In the present study, cyclic lateral loading tests were performed for low-rise walls ( 
Experimental Program

Major Test Parameters
As mentioned, in nuclear power plant walls, the shear reinforcement ratio is close to the permissible maximum shear reinforcement ratio specified by current design codes. Thus, the permissible maximum shear reinforcement ratio was used for the major test parameter, focusing on the behavior of walls with high shear reinforcement ratio.
In ACI 349 (ACI 318), the shear strength of walls is defined as the sum of the contributions of concrete 
Where, On the other hand, in the seismic provisions of ACI 349 (ACI 318), the shear strength of walls is specified as follows. In the general and seismic provisions, the permissible maximum shear strength is specified as follows. Four wall specimens with aspect ratio of 1.0 were prepared for testing ( Fig. 1 , and Table 1 ). In the control specimen S1, the permissible maximum shear strength was used to design the web horizontal bars: =0.0051 is significantly less than the maximum reinforcement ratio that is used in practice for the design of nuclear power plant walls. This is because, 1) the bar grade was increased from 420MPa to 550MPa, and 2) the actual yield strength yh f =667 MPa was much greater than the specified yield strength, and 3) for the calculation of In specimens S3 and S4, in which 70 MPa concrete and a barbell shape cross-section were used, respectively, h  =0.0051 was used for the horizontal bar ratio, which was the same as that of S1. Table 1 presents the details used for the specimens. 
Test Procedure and Instrumentation
Axial compressive loading and lateral cyclic loading were applied. An axial load of approximately 0.07 ' cc Af (970 kN for 46 MPa concrete (S1 and S2), 1,470 kN for 70 MPa concrete (S3), and 1,150 kN for S4), was applied at the top of the wall by two UTMs. The lateral loading protocol followed the "Acceptance Criteria for Special Structural Walls" [3] . Fig. 2 shows the lateral load-displacement (story drift ratio) relationships of the test specimens. This figure also shows the shear strength and flexural strength predicted by ACI 349 (ACI 318). As expected, the peak strength did not reach the predicted flexural strength, which indicates that the measured maximum lateral load test V was determined by shear failure.
Test Results
In Specimen S1 (Fig. 2 (a) ), with the permissible maximum horizontal bar ratio ( 
=0
.0068) was similar to that of S1 with Grade 550 MPa horizontal bars. The failure of the specimen occurred at the story drift ratio of 1.00~1.25% (Fig. 2 (b) ). The maximum strength test V was +2,331 and -2,265 kN, which was on average 7% greater than that of S1.
In S3 (Fig. 2 (c) ) with 70 MPa concrete and Grade 550 MPa horizontal bars, the failure of the specimen occurred at the story drift of 0.75%, which was less than that of S1. The maximum strength test V was +2,035 and -2,135 kN. This result indicates that the shear strength did not increase, despite the use of high-strength concrete. However, the shear strength was greater than the predicted shear strength, and the permissible maximum shear strength specified in ACI 349: In S4 (Fig. 2 (d) ) with barbell type cross-section, the failure occurred at the story drift ratio of 1.25%. Due to the effect of the boundary elements, the maximum strength test V was increased to +2,579 and -2,510 kN, which were on average 17% greater than that of S1. Fig. 3 shows the damage modes of specimens at the peak loads. In S1, S2, and S3 without boundary confinement, after diagonal macro-cracks developed, sliding of the upper part of the panel occurred along the diagonal crack (Fig. 3 (a), (b) , and (c)). As the sliding progressed, ultimately, concrete crushing/spalling occurred in the web. On the other hand, in S4, boundary confinement restrained the propagation of diagonal macro-cracks to the boundary zones. Thus, ultimately, web concrete crushing occurred without sliding of the panel and crushing at the wall bottom (Fig. 3 (d) ). In all specimens, at least one of the horizontal bars yielded before the failure of the walls according to the measured strain data. =1.27~1.69 (seismic provision). In the calculation of the shear strength, the permissible maximum shear strength in Eq. (5) was applied.
Comparisons of Shear Predictions
In the Eurocode 8, the predicted shear strength is estimated by the minimum design strength considering three different failure modes: diagonal compression failure of the web (DC), diagonal tension failure of the
